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THEORETICAL BASES OF IMPREGNATION WITHOUT PRESSURE OF 
MELIORANTS AND THE APPLICATION OF THEIR FEATURES IN 
PRACTICE OF FIXING MOBILE SANDS 
 
Summary. Desert sand is subject to deflation, which during the construction and 
operation of railways in the sandy desert leads to the filling of the railway track with sand 
and erosion of subgrade. To prevent this phenomenon, the surface of the sand is fixed 
with a binder, which is sprayed onto a deflated surface. The penetration of the working 
composition of the binder due to the characteristics of grinding is accompanied by an 
uneven distribution of the substance, which is proposed to characterize the saturation 
coefficient. Peculiarities of the interaction of the binder and sand from which the 
protective crust is formed are revealed, which made it possible to change the nature of the 
impregnation. Pre-wetting allows to reduce the pore space of sand, change the nature of 
the transfer of the substance when impregnated into the capillary, and increase the 
uniformity of impregnation, which as a result allows to obtain a resource-saving solution 





1.1. The urgency of the problem 
 
The transport communications of the world, in particular, railways and roads, are developing 
steadily. However, owing to the need for industrial development, they are built in difficult 
environmental conditions, for example, in mountains and deserts, in particular in sandy deserts [1 - 5]. 
Roads, under these conditions, are adversely affected by climatic events, such as deflation. Deflation 
causes the roadbed to be blown, and the sand carried as a result of deflation is deposited on the upper 
structure of the path, saying that the path is entered by sand [6 - 9]. Blowing and drifting are, 
therefore, manifestations of deflation, its result. These manifestations seriously reduce the traffic 
safety of vehicles, especially with a steady increase in speed train traffic (Figs. 1, 2). 
The sand drift fixation in its arsenal has [6, 7] some biological and technical methods. Sharing 
biological and technical methods forms a combined method [2, 5]. 
Therefore, in the sandy deserts, the study of the negative effect of deflation on the safe construction 
and operation of communications (roads and railways) and the improvement of the technology to 
protect them from moving sands is an urgent task [10-13]. 
Technical methods consist of mechanical method, as well as physical and chemical methods [14, 
18, 27].  
The latter are used in emergency situations when it is necessary to take measures to halt the rapid 
deflation.  
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Fig. 1. Sandy drift of a railway track near the station            Fig. 2. SKM500 sand truck in Saudi Arabia 
      Altynkol (Kazakhstan)                                                           (photo: Plasser & Theurer) 
            (Photo: Mirakhmedov M., 2012) 
 
The mechanization of sand consolidation work became possible with the development of a 
physicochemical method. A variety of chemical materials for bonding sand grains have been 
recommended: heavy oil [27, 30], various polymers, bitumen emulsion, etc. [17]. 
The mechanical method is the implemented by installing various barriers: low barriers made of 
local plant waste (reeds, palm leaves, etc.), which are buried in the sand in rows or in the form of a 
checkerboard with cells) [28], as well as high fences made of various materials (boards, stone, plastic 
etc.) [9, 17]. As a promising biological method, one can point to research on the creation of a layer of 
biomass on the surface of the sand [28, 29]. 
Each method has its own field of application, depending on a number of climatic and 
morphological features of the area, the protected object. From an economic point of view, it is 
important that costs are kept to a minimum. Therefore, when choosing a method of protecting an 
object from sand, preference should be given to waste or local secondary products. 
Furthermore, these methods are used, primarily, to improve the efficiency of agroforestry work, i.e. 
sowing and planting. 
 
1.2. Identification of promising areas of research 
 
There are several methods for fixing moving sands. As a radical measure to achieve a short-term, 
but immediate result, first, some authors resorted to the physicochemical method (PhChM) of sand 
fixation [14, 15]. 
The essence of PhChM is to implement a technological method of spraying a binder on a fixed 
sand surface with garden sprayers (Fig. 3).  
 
Fig. 3. Side blast sprayers: OVG-2006B and “Master” with drop-down consoles 
The liquid without pressure moves into the sandy substrate, permeates it and forms a specific 
building material - a knitted sand crust, i.e. the binder plays the role of improver of sand, improving its 
physic mechanical properties, possessing a property that provides stability against the destructive 
effect of the flow of sand carried by the wind, i.e. wind sand flow [16, 17]. The properties of the crust 
depend on the properties of its constituents and the features of their interaction, which are manifested 
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in the process of impregnating the sandy substrate with a binder, stabilizing the state of the deflated 
surface. Owing to these circumstances, it seems important to reveal the features of pressure-free 
impregnation, to create the theoretical foundations of impregnation and to propose a resource-saving 
technological solution in the matter of fixing by impregnation of mobile sands. 
 
 
2. BASIC TERMS AND CONDITIONS OF NON-PRESERVATED IMPLEMENTATION OF  
    SAND SUBSTRATE BY BINDING SUBSTANCES 
 
To date, ideas about the mechanism of sand impregnation with chemical improver do not fully 
reveal the essence of the phenomenon. Therefore, it becomes necessary to conduct a more detailed 
theoretical study and summarize the results of previously conducted experiments [16, 18]. 
For completeness of determining the law of motion of a chemical reliant in sand, the conversion 
function is not applicable to the vertical impregnation of water into real soils, and the experimental 
results do not completely coincide with the measured distribution of water in the soil [17, 18]. 
It is known that impregnation occurs under the influence of gravitational and capillary forces. It is 
also known that the influence of gravitational forces can be neglected, if and only if the potential 
energy of the field of capillary forces referred to a unit of liquid is greater than the potential of the 
field of gravity ѱ >> ѱ!. According to A.V. Lykov, this is true when the internal size of the channel 
through which the fluid moves has a size of less than 10–2 mm [19]. Otherwise, the mass of the 
impregnated liquid cannot be neglected. Therefore, to establish the predominant influence on the 
impregnation process of a particular field of force, it is necessary, first, to determine the internal 
diameter of the channel formed between the particles of the substrate. 
 
2.1. Hydrodynamic approach to solving the problem of impregnating sand with a binder 
 
Imagine fluid transfer as a filtering process. It is fair to assume that the solution to the filtering 
problem can be approached from the standpoint of the external and internal problems of 
hydrodynamics, i.e. present as a mixed problem of hydrodynamics [17, 18, 21]. In fact, it can be 
assumed that the flow moves in irregularly shaped channels formed by the gaps between the particles 
of the layer (the position of the internal problem of hydrodynamics). On the contrary, it can be 
assumed that the flow flows around particles of a layer of sand encountered on the way (the position of 
the external problem of hydrodynamics). Mixed tasks involve the combination of two representations 
for the purpose of convenience of calculation [22 - 26]. There is a certain degree of idealization, i.e., 
suppose that the main parameters of the problem have the following form: 
- specific surface of the particles in a unit volume of the layer 𝑠!";  
- porosity or fraction of free volume (e	 = 	 (r# − r$)/r#);  
- grains of sand are a spherical body with an equivalent diameter (𝑑"). 
The experiments will be carried out taking into account the similarity criteria in a vessel with a 
cross-section S, which is filled with sand to a height H. The volume of sand in the vessel . 
Then the surface of the grains can be defined as , and the volume of the solid 
phase (sand particles) in the vessel according to the formula , and the 
volume of the solid phase (sand particles) in the vessel according to the formula 
. Taking into account the similarity criteria, we have the volume of sand, 
the surface of the particles, and the volume of the solid phase, where  - is the pore volume. 
The total resistance of the layer of sand grains is as follows (1): 
      (1) 
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where l  ‒ is the total coefficient of friction resistance and local resistances; Dp  ‒ is the total 
resistance of the granular material; and 𝑑" 	‒ equivalent diameter of polydisperse channels granular 
material. 
 
                                  Vessel made of transparent material 
                 Initial binder layer 
       
                              A layer of sand impregnated with a binder  
        





Fig. 4. Binder impregnation sand model 
 
From the standpoint of the internal problem of hydrodynamics, the diameter of the channel, as is 




 ,  m       (2) 
where 𝑠&# – is the specific surface m2 / m3. 
Determination of the specific surface area presents known difficulties. To overcome this difficulty, 
we will try to solve the problem by jointly considering the external and internal problems of 
hydrodynamics. Suppose that there are particles of arbitrary shape in the vessel, and then the volume 
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Equating expression to (4) we obtain a formula for 




  ,     (5) 
where F is the shape factor of the particles, given in reference books. 




𝐹𝑑" .     (6) 
Taking from the directory F = 0.9, porosity coefficient e  = 0.3–0.45 (the sand porosity of the 
Kulsary deposit [16], for example, is 44%), and the predominant fraction of sand in its granulometric 
composition d = 0.14 mm, it is possible to obtain an equivalent channel diameter equal to dk = (3.2-
6.86)·10-2 mm > 10-2 mm. So, strictly speaking, the influence of gravity cannot be neglected. This 
circumstance limits the idealization of the process of impregnation and replacement of real sand with 
capillary tubes. This means, first of all, that the study of the process of pressure less impregnation of 
desert sand with a binder should be carried out on physical models. This is all the truer if we take into 
account that the particle size distribution of the moving desert sands is also represented by the particle 
size distribution in a rather wide range of particle changes from 0.05 to 0.25 mm. 
 
2.2. Features of impregnation 
 
From the condition of preservation of the substance (liquid) before and after impregnation, the 
volume of impregnated liquid (Q) should be equal to the pore volume of the substrate in the 
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after impregnation, the volume of impregnated liquid should be equal to the pore volume of the 
substrate in the impregnated layer Q1 = Q2×e, where Q2 – volume of sand soaked in liquid and e ‒ bulk 
porosity. Assuming equal to the area of sand and the area impregnated with a chemical reclaimant, we 
obtain (7): 
,      (7) 
where d  ‒ is the initial liquid layer above the sand surface, mm. 
With free impregnation of sand with multicomponent, non-Newtonian fluids, the impregnation 
depth will be greater than the theoretically possible value (hk) > d/e. From the point of view of 
resource saving, excess consumption of chemical reclaimant qi > qmax above the maximum is not 
acceptable. 
 ,        (8) 
where kn ‒ is the proportionality parameter, called the coefficient volume of sand saturation with 
chemical ameliorant. 
Always with free sand soaking with multi-component, non-Newtonian liquids, the depth of 
impregnation will be more than the theoretically possible value of h>d /e ;  close to and more than 
kn<1, units indicate that the sand saturation kn³1  limit has come under these conditions and the initial 
volume of the chemical ameliorant has not fully soaked. From the point of view of resource saving, 
excess consumption of chemical reclaimant qi> qmax above the maximum is not acceptable. From a 
technological point of view, the excess consumption of chemical improver q i>qmax  more than the 
maximum is not acceptable from the point of view of resource saving. Those study of the construction 
and technological characteristics of the protective layer should be in the range of values of kn£  1,  so 
that q i£  qmax .  The transfer of emulsions is accompanied by selective wetting of the sand grains with 
water. A thin film of a liquid is formed, and the dispersed phase of a chemical improver consisting of 
emulsified particles (according to [15, 22]) is transferred cork. 
When impregnated with solutions and multicomponent liquids [16], the pore size narrows during 
the impregnation process, and as a result, the fluid front movement is unstable owing to selective 
adsorption of the dispersed chemical ameliorant surface particles to the hydration layer, which diffuse 
from its volume. This phenomenon was confirmed in other works [15 - 17]. As a result, this leads to a 
decrease in the radius of the smallest passages between contiguous particles and a change in the nature 
of the transfer from the predominantly gravitational to the capillary. Thus, a quite unambiguous 
evidence of the informative value of the saturation coefficient for revealing the nature of the 
impregnation was obtained. Its values, calculated over the whole range of variation of factors close to 
unity (𝑘) < 1) ,  mean that this binder does not separate when penetrating into the sand, the pore 
space does not narrow, and the process proceeds under the predominant influence of the field of 
gravity. If the value of the saturation coefficient is less than unity (𝑘) ≤ 1), and changes in the range 
of variation of factors 𝑘) ≈ 1, then this means that this binder, when penetrating into the sand, 
separates, and the impregnation process occurs when the pore space narrows under the predominant 
influence of the capillary field. 
From a technological point of view, these circumstances determine the choice of mode of 
impregnation and the consumption of a chemical improver. Obviously, for emulsions, the maximum 
flow rate is determined 𝑘)~1 by the value of the saturation coefficient, whereas for solutions and 
high-molecular substances . In all cases, 𝑘) < 1 values close to one indicate that the maximum 
consumption of the chemical ameliorant is achieved. Excess consumption 𝑘) > 1 is not allowed. 
With this in mind, a classification has been proposed, which makes it possible to identify the 
maximum level of consumption of a chemical ameliorant in the study of new types of it and to develop 
on their basis new technologies for fixing moving sands (Table 1). 
This circumstance also suggests the idea of using the nature of the characteristic of sand 
impregnation with binders to increase resource saving and reduce the cost of the method. To do 𝑘) >
1 this, reduce the size of the channel formed between the particles of a sandy substrate. For example, 
soak sand when wet, i.e. in the rainy season or after artificial humidification. 
ed /kh=
ed /nk kh ×=
1£нk
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Table 1 
The nature of the impregnation 
 
The nature of the impregnation Type of binder Values of saturation 
Without separation of the binder emulsion 0.95 < kn <1 
With the separation of the binder 
 
multicomponent 0.55 < kn <0.95 
solutions 0,65 < kn <0,95 
Saturation limit corresponding to q > qmax; kn> 1 
 
The use of locally produced binders in sands of a wet state as a result of reducing the pore space of 
the substrate will lead to a change in the nature of the impregnation from predominantly gravity to 
predominantly capillary, which will lead to a decrease in the rate of penetration of the binder into the 
sand and increase the uniformity of impregnation composition and its specific consumption, and as a 
result, obtaining a number of alternative resource-saving technological solutions, such as repetitions of 
mobile sands by a physicochemical method. 
 
 
3. CHOICE CRITERIA FOR EVALUATING THE STRENGTH OF A PROTECTIVE LAYER 
 
From the analysis of literature and regulatory sources, the requirements for anti-deflation protective 
coatings were established: fast elastic deformation modulus E1 <8x106 Pa, slow elastic deformation 
modulus E2 <1,1x106 Pa, equilibrium elastic modulus E <4,4x106 Pa, and the highest plastic viscosity 
η > 1.05x106 Pa s [14]. In some studies, it is noted that the main criteria for evaluating the optimal 
structure of the protective layer can also be shear deformations: elasticity λ, static plasticity, and the 
period of true plastic relaxation [17]. Thus, the state of the protective crust is evaluated by many 
indicators. Only to clarify the possibility of implementing the main technological method of the 
physicochemical method of fixing sand - impregnation of a binder and obtaining a stable protective 
crust, it is necessary to conduct a sufficiently large amount of experimental research. In addition, the 
whole variety of physico-mechanical characteristics and parameters can be expressed in a generalized 
form by plastic strength Pm> 3x103 Pa [18]. Given these circumstances, the study was proposed to be 
carried out in two stages: at the first stage, the possibility of using one or another binder with respect 
to the degree of impregnation and plastic strength is assessed, then, with a positive result, at the second 
stage, an in-depth study of the properties of the protective peel is done. 
 
 
4. RESULTS AND ANALYSIS 
 
As a result of experimental work performed in laboratory conditions, the compositions and possible 
concentrations of binders were determined. To increase the plasticity of the obtained protective 
coating based on dextrin, it was modified with gossypol resin (1 part to 4 parts of dextrin), dissolved in 
water in the presence of sodium hydroxide (1 part to 6 parts of dextrin), and the concentration of 
dextrin in the aqueous solution was 2-2.2% The concentration of polymer adhesive in an aqueous 
binder solution was 1.5%. 
The research results showed that the impregnation begins at a moisture content of less than 22%. 
The maximum humidity at which the impregnation reaches its maximum depth ranges from 20-21%. 
Protective crusts were obtained by spraying the solution on dry and wet sand. At the same time, the 
specific consumption varied from 0.5 to 3 l / m2. 
Furthermore, the recommended construction and technological parameters of the protective peel, in 
particular, plastic strength, specific consumption of the solution, and concentration of binders were 
estimated (Tables 2 - 4). 
It was found that on wet sand, a crust with desired properties is obtained at a lower consumption of 
binder; this is apparently due to the nature of its distribution in depth and depends on the speed of 
impregnation. 
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Table 2 
The dependence of the depth of impregnation of solutions on time 
(specific consumption of binders in dry sand 3.0 l / m2) 
 
Impregnation Methods Time from the start of impregnation, s 
The depth of the layer from the surface of the 
peel, mm 
Dextrin KP-001 Adhesive 
On air-dry sand (3-5%) 
0 0 0 
1 6 7 
2 10 12 
3 11 11 
4 11 11 
In the wet sand (20%) 
0 0 0 
60 6 7 
120 9 10 
180 12 13 
300 15 15 
420 20 20 
480 20 20 
 
Table 3 
Construction and technological characteristics of the protective pee 
 
Binder based on: 
h (mm), Pm (Pa x 103), q (l/m2) 
On air-dry sand In the wet sand, W = 20% 
h Pm q h q 
dextrin 5  3 5 1,5 
KP-001 Adhesive 5 4,2-4,5 3,2 5 1,5 
 
Table 4 
Recommended concentrations and specific costs of working compositions of binders (solutions) 
 




The plastic strength of 
the peel, Pm, kPa 
Specific consumption of a binder 
working concentration solution q, 
l / m2 
obtained in the sand sand 
air dry wet air-dry wet 
Dextrin solution 2,2 4 -4,5 2,7-3 3,2-3,5 1,5 
Adhesive solution KP-001 1,5 1,5 3-5 3,0-3,3 1,5 
 
In prices for April 2018, a comparison was made of the economic efficiency of the proposed 
methods of sanding with the six methods that were most widely used. 
Compared with gossypol emulsion-based formulations, which are the most economical of the 
known ones, the savings per 1 ha when using the composition of a binder solution based on dextrin 
will be 1225 thousand soums, and when using a binder solution based on polymer glue - 1575 
thousand soums. Compared with reed cells used in Uzbekistan, savings per 1 ha when using the 
composition of a binder solution based on dextrin will be 5646 thousand soums, and when using a 
binder solution based on polymer glue - 5996 thousand soums. 
Pilot implementation of the research results was carried out during 2015-2016. on sandy sections of 
the Navoi-Uchkuduk-Misken line of the railway of JSC “Uzbekistontemiryollari”: in 2015, on the 
section Km 273 PK0 + 00 - PK5 + 00; in 2016 - Km 274 PK 0 + 00 - 2 + 50 with fixing the dry and 
wet sands with the obtained compositions by processing strips. 
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The industrial implementation of the research results fully confirmed the effectiveness of the 
application of the developed solution compositions and the proposed technology. Protective crusts 
obtained on sections of the Navoi-Uchkuduk-Misken railway line had technological characteristics 
(strength Рm≥2.5 kPa, h ≥ 5 mm), ensuring their resistance to the effects of wind-sand flow during the 
year. As a result of the introduction of new compositions and new technology, a 60% reduction in 
labor costs was achieved due to the complex mechanization of work, as well as 50% savings in 
materials by reducing the specific consumption of the working composition and the concentration of 





1. The physico-chemical method of fixing movable sand, carried out by the use of various binders, is 
aimed at forming a protective crust in the upper layer of sand. In the formation of the structure of 
the crust and its physical and mechanical properties, the impregnation of sand with the working 
composition of the binder is important, which can be considered as the pressureless movement of 
the substance in the porous body of the sandy substrate. Then, the impregnation process can be 
formulated as a hydrodynamic problem. 
2. A joint consideration of the hydrodynamic problem from internal and external positions, taking into 
account the particle size distribution of medium and well-sorted sand, yields the equivalent pore 
space diameter for real moving sands, which made it possible to state, as a result, that the 
impregnation occurs under the predominant influence of gravitational forces. To ensure uniformity 
of impregnation and more complete saturation of the pore space with an astringent, it is necessary 
that the impregnation occurs under the predominant influence of capillary forces. 
3. To achieve the capillary nature of the binder impregnation, it is proposed to moisten the sand in a 
natural or artificial way. Then, the solvate layer of the moisture film increases while decreasing the 
pore space of the sand. At the same time, the concentration of the substance in the working 
composition and its specific consumption also decrease, which opens up the prospect of creating a 
number of alternative resource-saving technological solutions for fixing the moving sands with the 
physicochemical method. 
4. An express method is proposed for studying the possibility of using binders to create sand-
protective crusts, based on a scientifically based reduction in the number of studied characteristics 
to two — the thickness of the crust and its plastic strength. 
5. The factor of sand moisture has been identified as a source of reducing binder consumption for 
obtaining a protective crust by 10-15% and increasing the period of time suitable for sandblasting, 
which allowed to improve the technology of sandblasting by introducing the preliminary wetting of 
the sand base. 
6. Developed compositions for fixing movable sand were based on locally produced binders - dextrin 
and adhesive KP-001: 
       - dextrin - 2.2%; NaOH - 0.4%; HS (plasticizer) - 0.6%; water - 96.8%. 
       - adhesive KP - 001 - 1.5%; water - 98.5, providing the required resistance of the resulting 
protective crust to the wind-sand flow. 
7. As shown by the calculations of technical and economic efficiency, the use of the developed 
formulations of binder solutions to obtain a protective crust and improved sandblasting technology 
can reduce labor costs by 60%, get a decrease in binder consumption by 50%, and increase seed 
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